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EDITORIAL NOTES 

Welcome to the first issue of the new century. How did everyone fair through the 
Y2K syndrome? I am writing this issue of The Fossil Collector during October/ 
November 1999, and although all the checks I have done on my computer indicate 
that it will survive the 1999/2000 rollover, who knows. If the May 2000 issue has 
been hand written or typed, then you will all know I had a small problem. 

I am happy to say that after 1998's washout, my 1999 field trip to far north central 
Queensland was a complete success. While I have been resisting the move into 
collecting minerals, this trip also saw the start of my more serious mineral 
collection, much to Julie's horror. The opportunity to purchase some particularly 
beautiful mineral specimens from the now shutdown Red Dome Mine was just too 
much, so, a few dollars and some seven or so specimens later a happy fossil 
collector walked away with his mineral specimens (there is logic in there 
somewhere). In our quest for things fossil we also had the chance to collect from 
some old silver mines, a blue marble quarry, and a calcite crystal locality which 
just help to reinforce the purchase of said mineral specimens (I had myself 
convinced anyway). There will be a report on this trip, along with some 
photographs in the May 2000 issue of The Fossil Collector. 

Most people would have already heard of the discovery of 'Dave' the plesiosaur, 
which also came from far north central Queensland, the plesiosaur has been named 
Dave in honour of one of the people who discovered it. Dave is some 80% 
complete and the staff and volunteers at the Queensland Museum have been 
working feverishly to prepare him so that he can go on a nationwide tour. I have 
been extremely lucky to have been able to work on Dave which has fulfilled one of 
my childhood dreams, that is to work on a dinosaur (well almost). Although Dave 
is not a true dinosaur he does share the same ancestry so this is good enough for 
me. For Queensland readers who might like to see Dave being prepared, an area 
has been set up on level 2 of the Museum for visitors to see what actually goes into 
the preparation of a large vertebrate, if I happen to be there on the day, I would be 
more then happy to have a chat. 

The deadline for the next issue, Bulletin No. 60, will be March 26, 2000. 
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FINANCES 

Income and expenditure for the twelve months, July 1, 1998 to June 30, 1999. 

The previous twelve months income and expenditure (July 1, 1997 to June 30, 
1998) is shown in brackets 


INCOME 




Subscriptions 

current 

960.30 

( 774.00) 

advance 

603.45 

( 

672.50) 

overpaid 

9.00 


— 

Donations 

10.26 

( 

18.68) 

Advertising 

— 


— 

Bank Interest 

2.44 

( 

2.73) 

Sale of Bulletins 

75.28 

( 

109.00) 


$1,660.73 (1,576.91) 
Balance at June 30, 1999. 


EXPENDITURE 




Postage 

778.20 

( 

763.91) 

Printing 

642.07 

( 

595.92) 

Photocopies, 




photo’s & bromides 

103.90 

( 

252.50) 

Stationery 

120.75 

( 

127.86) 

Sundries 

39.15 

( 

35.36) 

Secretarial expenses 

43.44 

( 

23.37) 

Subscriptions 

— 


— 

Statb/Federal tax 

6.37 

( 

7.50) 

Refunds 

9.00 


— 


$1,742.88 

(1,806.42) 


Brought forward from 1997/1998 $2,357.99 
Add income 1998/1999 $1.660.73 

$4,018.72 

Less expenditure 1998/1999 $1.742.88 

$2,275.84 

When the 1998/99 income is adjusted to include subscriptions paid in 1996/97 and 
1997/98 ($689.20) and to exclude 1999/2000 and 2000/2001 subscriptions 
($621.45), expenditure for the financial year 1998/99 exceeded income by $14.41, 
compared with a deficit of $41.01 for the previous year. After deducting total 
advance subscriptions from the balance in hand at June 30, 1999, we are left with a 
NET RESERVE OF $1,628.89 ($1,676.49). 

Assets are valued at approximately $ 1,900 (these include part ownership of a word 
processor [50%], stationery, staplers and back issues of Bulletins etc.). At June 30, 
1999, there were no liabilities. 
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MICROPALEONTOLOGY AND MICROFOSSILS 

Jere H. Lipps. Museum of Paleontology and Department of Integrative Biology. 
University of California, Berkeley, California 94720. 

The following article first appeared in MAPS Digest , Volume 22, Number 4 
(Expo XXI Edition, 1999) and is here reproduced with the kind permission of the 
Author and the Editor of the Expo Digest, Margaret E. Kahrs, on behalf of the 
Board of the Mid-American Paleontological Society. 

INTRODUCTION 

Micropaleontology, a subdiscipline of paleontology and geology, is the study of 
microfossils - those tiny fossils that usually require a microscope to study them. 
Unlike invertebrate paleontology, vertebrate paleontology or paleobotany, for 
example, micropaleontology is concerned with a heterogeneous group of fossils 
(Figure 1) that do not necessarily have a close phylogenetic relationship with one 
another (Figures 2, 3). Paleobotanists study fossil plants, palynologists study fossil 
pollen, vertebrate paleontologists study fossil fish, birds, amphibians, reptiles, and 
mammals, invertebrate paleontologists study fossil invertebrates, however, 
micropaleontologists, alone in the field of paleontology, study fossils ranging 
from bacteria to parts of large vertebrates (Figure 1, Table 1). Microfossils are 
bound together in micropaleontology only by the fact that they are too small to be 
seen easily with the naked eye and therefore require special preparation and 
observational techniques. Of course micropaleontologists specialise on their group 
of micro fossils, no one person studying all of the fossils that make up the field. 
The study of modern and fossil pollen is called palynology, and although loosely 
grouped into micropaleontology, it is a rather distinct specialised study. Other 
micropaleontologists specialise on microfossils based on composition (organic 
walls, for example), habitats (plankton), groups (diatoms), skeletal complexity 
(large: foraminifera), or age of occurrence. 

Microfossils are the microscopic organic remains, shells or tests of whole 
organisms, or the microscopic parts of larger ones (Figure 1). They cannot be 
grouped together naturally but are for the practical reason that they can oe found by 
the mierose >pic .Ti l < f sedimentary rocks. They are extremely abundant in most 
marine and many terrestrial rocks, are very accessible and can be found in large 
numbers. Indeed, some very thick rock sequences are made entirely of 
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Silicof lagellates 



Radiolaria 



Diatoms 




‘Lr 3 

Sponge spicules 



Foraminifera 



Conodonts 



Fish scale and teeth 


Figure 1 . Drawings of a few of the more 
common microfossils that make good 
collecting and study. These kinds-are easily 
found in most marine rocks, and a few 
(diatoms, ostracodes, and fish parts) are found 
in freshwater deposits. They vary in size and 
composition (see Table 1). 
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microfossils, for example, the pyramids of Egypt are made of sedimentary rocks 
that consist of the shells of foraminifera, a major microfossil group. The size and 
abundance of microfossils makes their recovery from small rock samples likely, 
hence they are valuable in geologic applications and have been much studied for 
over 150 years. They have been used by petroleum micropaleontologists searching 
for oil, by environmental geologists and biologists trying to understand modern 
and ancient environments, by geologists who need to know the age and correlation 
of rocks, and by amateur paleontologists who simply find them fascinating and 
very collectable. They represent the most diverse organisms in some of the most 
bizarre forms ever seen, for most anyone, they can be very intriguing. 

Because many microfossils are not only extremely abundant but represent 
particular environments or geologic times, they are very important in deciphering 
the geologic of life and of the Earth (Figure 4). They are used in age dating, 
paleoenvironmental analysis, paleoclimatology, paleoecology, bioslratigraphy, and 
paleoceanography, among others, and can be useful in the modem counterparts of 
these disciplines. Indeed , some entire areas of Earth history, for example, 
paleoceanography, are based heavily on data retrieved from microfossils. 
Microfossils have been utilised in industry for decades, to aid in the exploration for 
petroleum worldwide, generating billions of dollars of productivity. In the 
diatomite industry, microfossils are the resource itself, and when processed are 
made into filters, abrasives, chemical and pigment carriers, and many other items 
in daily use totaling over 150 major everyday products. 

Although plants and animals are the most obvious life around us today, they are not 
the most numerous, most diverse, nor the most important contributors of 
microfossils. Bacteria and Archaea (prokaryotes) and protists far outnumber them, 
live in more diverse habitats, and leave a greater diversity and abundance of fossils 
than these larger groups. Today these organisms live from the icy deserts of 
Antarctica to the steaming hot springs and geysers of Yellowstone National Park, 
and from the highest mountains to the deepest oceans. Prokaryotes and protists are 
everywhere, some are most beneficial, other cause great problems, like the malarial 
parasite which infects 350-400 million people worldwide today. Without 
prokaryotes and protists the world would be very different, but most of them are 
unknown, in spite of their contributions to our very survival through the production 
of the oxygen we breath and a multitude of other functions. 



Table 1. Microfossils. Some of these microfossils (indicated by a double asterisk) are easily prepared and studied, 
others (single asterisk) may be prepared and observed with special techniques, special samples, or high powered 
microscopes, while others (no asterisk) will be suitable only by examination of previously prepared or purchased slides. 
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RELATIONSHIPS AMONG MICROFOSSILS 

Microfossils are made by all groups of organisms, thus a tree of life (Figure 2) 
shows their diversity well. The modern way to understand relationships of living 
organisms is to analyse particular genes in their DNA, this is done by determining 
the sequence of bases (chemical parts of the DNA molecule) and comparing it to 
the same gene of another organism. The technique is used by many biologists, 
paleontologists, and by crime investigators, each of these want to know what the 
relationship of a sample is to some other sample. Thus, a biologist might compare 
a sequence from two different species of molluscs to determine how closely they 
are related, or a forensic investigator might compare a blood sample from a crime 
scene to a sample drawn from a person to see if they are identical. Samples from 
the same individual should be identical and become increasingly less similar as the 
relationship between the contributors becomes more remote. This results from the 
simple evolutionary relationship that more distantly related organisms should have 
more differences in the DNA sequences of particular genes. With the right genes, 
sequences can provide information about very distantly related organisms, even 
bacteria and humans. In paleontological applications, DNA is extracted from 
living organisms to construct phylogenies that are then used in comparison with 
the fossil record. The technique is powerful, but fossils cannot be used for DNA 
sequence analyses because DNA is destroyed in fossils due to degradation by 
water, oxygen, high temperatures, and UV radiation. 

These sequence studies have revolutionised our understanding of the relationships 
of all major groups of organisms. First, all known organisms, from bacteria to 
humans, are clearly members of a single evolutionary tree, all life on Earth is 
related. Life has three main divisions: Bacteria, Archaea and Eukarya (Figure 2), 
the Bacteria and Archaea are simple single celled organisms separated from the 
Eukarya by the largest difference known in the tree of life. The Bacteria and 
Archaea have no nucleus in their cells to contain DNA; instead it is loosely 
organised within the cell. The eukaryote DNA is organised into chromosomes that 
are contained in the nucleus, other major differences too (Lipps, 1993). The 
Bacteria and Archaea are called prokaryotes, while the eukaryotes (Figure 3) 
include animals, plants, fungi and a very diverse group of fundamentally single 
celled organisms called protists, only animals, plants and fungi are basically 
multicellular. This nomenclature is confusing because the branches on the tree of 
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life for animals and plants, for example, are small twigs nested in a crown of many 
protist lineages. If each lineage represented on this tree is more or less equivalent, 
then animals and plants are rather minor branches. Some of the groups that make 
microfossils, such as foraminifera and radiolaria, are every bit their equal. 
Microfossils represent organisms scattered throughout the tree of life (Figure 2), 
including some that are multicellular and a great many that are single celled. 



Figure 2. The tree of life on Earth. Bacteria and Archaea are single celled 
prokaryotes that rarely fossilise. Eukarya are mostly single celled organisms, with 
exception of fungi, plants and animals, that have their DNA organised into the cell 
nucleus. Life’s origin is unknown but believed to lie deep on the Bacterial lineage. 


These trees (Figures 2, 3) do not show extinct lineages (since no DNA can be 
extracted from fossils) nor do they indicate ages of the branches, the branches 
actually represent the time that the last common ancestor diverged. This might be 
like the organisms at the end of the branches, or they might be quite different kinds 
of organisms. The ages must be determined from the fossil record and inferences 
made by comparisons of aspects of their biology. Clearly, many other branches 
and sub-branches existed throughout the history of life. Paleontologists also try to 
place some geologic times on the branches, however, the times are based on the 
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first geologic occurrence of a group, which is not necessarily it's first evolutionary 
appearance, the times are thus minimal ages of groups. Figure 3 shows some 
geologic times of the first appearance on the Eukaryote tree. This results in some 
uncertainty; for example, the microfossil groups Foraminifera and Polycistine 
radiolaria have branches much lower than that of Metazoa (animals), yet their first 
geologic appearances are much earlier. This discrepancy could be due to several 
causes, such as foraminifera and radiolaria not possessing hard parts that would 
preserve until later; somehow paleontologists have overlooked them in the early 
fossil record; or that the long branches extending from the main tree represent 
organisms that we would not recognise as either group and that the geologic first 
occurrence does indeed represent the origins of those groups. 


Crown Group (ca. 1000 Ma) 



Plants - - 
(ca. 450 Ma)f 

Metazoa 
(ca. 600+ Ma) 


Cellular slime mold ( Dictyostelium )* 

^ Entamoebas* 

Polycystines (520+ Ma) 

Euglenozoa* 

Heterolobosea* 

Acellular slime mold ( Pliysarum)* 
Foraminifera (550- Ma) 

Trichomonodia* 

Diplomonadia* 


Microsporidia* 

EUCARYOTES (ca. 2100++ Ma) 


Figure 3. Generalised molecular phylogeny for eukaryotes based on 16S-like rRNA. 
The age of the first known geologic occurrences of fossils of the groups is indicated 
in parenthesis. An asterisk indicates no known or an inconsequential fossil record. 
The polycystine radiolaria and foraminifera clearly branch below the crown group 
(although their exact positions are uncertain), yet their first geologic appearances 
postdate the crown group and some of its member groups. From Lipps, Collins and 
Fedonkin, 1998, as modified from M. Sogin. 
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Figure 4. Major events in Earth history, prokaryotic, protistan and animal evolution. The Archean and Proterozoic (the 
first 4,050 million years) are shown on the left and the Phanerozoic (the last 550 million years) is expended on the right. 
The time scale is in millions of years and the letters indicate the periods of the geologic time scale. From Knoll and 
Lipps in Lipps (1993). 
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MICROFOSSIL TAPHONOMY 

Not all microscopic organisms fossilise easily, because most do not have 
fossilisable parts. Indeed, the fossil record is estimated to include between only 3 
to 14% of all the species that ever lived, the vast majority of formally described 
species of life on Earth are living, fossil species of all kinds make up only about 
8.7% of those formally described species, this is because greater effort is expended 
on the study of modem organisms rather than fossils, as well as the fewer kinds of 
fossils preserved. Microfossils make up about 25 to 50% of the described fossil 
species, largely because their utility in the petroleum industry required careful 
description. 

The ability to biomineralise or construct skeletal parts makes some groups 
particularly abundant in the microfossil record. These groups use organic 
compounds or a wide variety of hard materials, not all are minerals by proper 
definition, but they are resistant and hence fossilise. The minerals and other 
materials making up microfossil skeletons include hydrated Si0 2 , CaC0 3 , PO.,, 
CaP0 3 , and grains of rocks, minerals, or even other skeletons (Table 1). These are 
assembled or secreted into whole or parts of skeletons that can then be found in the 
rock record. Organic walled microfossils such as spores, pollen and phytoplankton 
cysts, also occur very commonly in the fossil record. 

IMPORTANT AND EASILY STUDIED MICROFOSSILS 

Not all microfossils can be easily studied without expensive viewing equipment or 
preparation facilities. Prokaryotic and fungal microfossils are usually difficult to 
study, unless a prepared thin section of rock containing them is available, such thin 
section can sometimes be purchased from scientific supply houses. Likewise, 
pollen and spores can be had in prepared slides, these microfossils are generally 
very small and require a fairly powerful microscope for viewing. 

Microfossils with shells or skeletons of hard materials that preserve well, are easy 
to extract from rocks, and can be seen with a stereo microscope (Figures 1, 6 and 
Table 1). These are ideal for collectors and include foraminifera, radiolaria, 
ostracodes and diatoms, of course, other kinds of microfossils may also occur in 
the same rocks, but they will be hard to find and difficult to see. Here I discuss 
each of the major groups of micro fossils, but not all of them are easily collected. 
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Prokaryotes 

Bacteria and Archaea leave two kinds of fossils, fossils of their actual cells (Figure 
5) and stromatolites. Cell fossils are found in very unusual rocks, and most are 
probably Bacteria not Archaea, although they are so similar that relationships are 
impossible to determine. These occur in several places in the world, but the rocks 
require the making of thin sections and a good microscope to see them, the easiest 
ones to collect in North America are from the Gunflint Iron Formation in the Great 
Lakes region of Canada. Here cherts (silica rocks) contain abundant microfossils 
of bacteria over 2,000 million years old, thin section slides must be prepared or 
purchased in order to view them. 



Figure 5. Fossil prokaryote 
cells from 1100-1200 million 
year old rocks in Greenland. 
Scale bar is 10 micrometers. 
From Golubic and Knoll, in 
Lipps (1993). 


Stromatolites are columnar, domal, mushroom or mound shaped structures built by 
photosynthetic bacteria (cyanobacteria). The bacteria live on the surface of the 
structure, trapping sedimentary particles and perhaps secreting a little CaC0 3 . 
After some time, the bacteria are covered with sediment and migrate to the surface 
again where they are able to photosynthesize, this process causes a buildup and 
layering. Some stromatolites are microscopic themselves; other are meters high 
and form huge reefs in Proterozoic rocks. They are not microfossils, but instead 
are trace fossils produced by bacteria. 

Acritarchs 

These are small organic walled microfossils of unknown affinity, the Greek 
derived name means "uncertain or confused origin". They are probably the cysts of 
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Figure 6. (Page 17). A selection of important kinds of skeletonised microfossils 
found in the geologic record (see Table 1), including calcareous (1-9) and siliceous 
(10-14) kinds. 

CALCAREOUS MICROFOSSILS 

Foraminifera (1-5), benthic and planktic protozoa, from the Miocene of central 
California (from Finger, Lipps, Weaver and Miller, 1990, Micropaleontology, 36: 
1-55): 1. Oridorsalis umbonata, a deep water benthic species: a. spiral view, b. 
edge view, c. umbilical view (XI34). 2. Marginulinopsis sp. a benthic species 
(X28). 3. Rectuvigerina loeblichi, a probable infaunal benthic species (X30). 4. 
Lagena timmsana, a benthic species (XI15). 5. Globigerina bulloides, a planktic 
species: a. spiral view, b. edge view, c. umbilical view (XI12). All illustrations are 
scanning electron micrographs (SEMs). 

Calcareous nannofossils (6-7), planktic algae, from the Miocene of central 
California (from Finger, Lipps, Weaver and Miller, 1990, Micropaleontology, 36: 
1-55): 6. A single star shaped plate from Discoaster variabilis in transmitted light 
micrograph (X2200). 7. Plates from Helicosphaera scissnra : a. Nomarski 

micrograph of a plate (X2150), b. polarised light micrograph of a plate (X2000), c. 
a scanning electron micrograph of a single plate (X4500). 

Ostracodes (8-9), benthic metazoans, from the Miocene of central California (from 
Finger, Lipps, Weaver and Miller, 1990, Micropaleontology, 36: 1-55): 8. 

Ambostracon sp. a. dorsal view of paired valves, b. right lateral view (X73). 9. 
Loxoconcha sp. a. left lateral view, b. dorsal view of paired valves (XI10). All 
illustrations are scanning electron micrographs. 

SILICEOUS MICROFOSSILS 

Radiolaria (10-11), planktic protozoa. 10. Archaeospongoprunum salunii from the 
Cretaceous of Northern California (X250). 11. Thanarla sp. from the Cretaceous of 
the deep sea Pacific Ocean (X250). Both illustrations are SEMs courtesy of 
Michelle Silk. 

Silicoflageliatc (12), a planktic alga. 12. Dictyocha fibula from the Miocene of the 
Pacific Ocean, Chatham Rise, east of New Zealand (XI000), (from Bukry, D., 1986. 
Initial Reports of the Deep Sea Drilling Project 40: 925-937). SEM illustration. 
Diatoms (13-14), benthic and planktic algae, from the Holocene fjord sediments in 
the Vestfold Hills, Antarctica (from Whitehead and McMinn, 1996, Marine 
Micropaleontology). 13. Cocconeis costata (X1300). 14. Cocconeis fasciolata 
(X1250), both attached benthic diatoms. Illustrations are SEMs. 
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Figure 7. Silurian acritarchs from the United States and Turkey. From Mendelson, 
in Lipps (1993). 
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eukaryotic phytoplankton or possibly prokaryotes in some cases.' The microfossils 
are quite variable (Figure 7), consisting of a hollow structure, commonly spherical 
but not necessarily so, with walls of acid resistant organic material. Although 
fascinating, they are not easy for collectors to process from the rock, because 
various strong acids are required to remove the microfossils. Once removed a high 
powered microscope must be used for their study. They are important in 
paleoenvironmental interpretation, age dating, and correlation of rock ranging in 
age from the early Proterozoic, some 1500 million years ago to the Recent. 

Dinoflagellates 

Like acritarchs, dinoflagellates are represented by organic cysts that are removed 
from the rock with acids and require high powered microscopes to see. They are 
found as a wide variety of forms in rocks ranging in age from the Triassic to the 
Recent (Figure 8). Living species inhabit all sorts of environments from sea ice 
through the open ocean to beach sand, mud flats and fresh water lakes and streams. 
Some species form blooms at certain times, thus producing red tides and 
bioluminescence in breaking waves or disturbed water. Dinoflagellates are 
important primary producers that lie at the base of many food chains. 

Silicoflagellates 

These microfossils consist of a simple skeletal mesh of hollow silica rods (Figures 
5, 9), this skeleton surrounds the cell in the living alga, they are commonly seen in 
preparations for siliceous microfossils. Silicoflagellates first appear in the 
Cretaceous and are still alive today, although not generally in great abundance 
compared to other planktonic algae. 

Diatoms 

Diatoms are common marine and freshwater algae. They photosynthesize, hence 
only need certain nutrients and sunlight to survive and to make their siliceous 
skeletons. These fossilised skeletons (Figures 1, 5), known as frustules, extend 
back to the Cretaceous or Jurassic, although molecular biological evidence 
indicates that they arose near the Permo-Triassic boundary. Perhaps the missing 
record results from a lack of skeletons or a failure to preserve. 
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Figure 8. Fossil dinoflagellate genera, mostly of Mesozoic age. From Edwards, in 
Lipps (1993). 
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Figure 9. Distribution of silicoflagellate genera and their morphologies through time. 
From Lipps (1970). 


In places, thousands of feet of rock may be composed principally of diatom 
remains. These rocks, called diatomites, are usually light gray or white, fairly soft, 
and commonly well bedded. Diatomites are mined for use as fine abrasives, filter 
materials for swimming pools and beer, colour carrier in cosmetics, put into 
toothpaste, and over 150 other things. 

Diatoms range in size from quite small to specks large enough to see with the 
naked eye, their frustules are in two parts, one fitting inside the other like a petri 
dish. Diatoms live both in the water column and on a solid substrate, some even 
live on the skin of whales, between sand grains on beaches, on glacial ice, and in 
sea ice! The planktonic diatoms usually are circular or trigonal, while the benthic 
ones are elongated with a groove down one side. The groove, or raphe, allows 
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protoplasm to extrude and move the entire diatom along the substrate. Diatoms, 
throughout their geologic history, have been most common in areas of shallow 
water or upwellings where nutrients are carried into the euphotic zone. 

Most diatoms are generally easy to study, and the methods for freeing them from 
rocks are the same as for other microfossils. Once disaggregated from their host 
rock, they can be spread on a glass slide or dark piece of cardboard and viewed in 
transmitted or reflected light, they can be moved around with a very small damp 
paintbrush. In the 1800’s, people made designs and pictures on glass slides by 
placing different kinds of diatoms in particular places. 


Calcareous Nannofossils 


These microfossils are the cell coverings of small photosynthesizing planktic algae 
(Figures 5, 10, 11). The micro fossils are actually very tiny plates that cover the 
living cell but fall free as the alga grows or when it dies. Most calcareous 
nannofossils come from species of coccolithophorids, but some unusual ones, 
known only from the fossil record, may represent other kinds of algae. They first 
appear in the Triassic and many species live today. Calcareous nannoplankton that 
make the fossils are very common in the low nutrient regions of the oceans, as well 
as a subsidiary primary producer in nutrient rich regions where diatoms 
predominate. Calcareous nannofossils are easy to collect and prepare, but a high 
powered polarising microscope or SEM must be used to see them in detail. 



Figure 10. Coccospheres of Emiliania huxleyi showing the individual coccoliths 
interlocked and covering the cells. Scale bars are 1 micrometer. 
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Foraminifcra 

Foraminifera, usually called "forams" or "bugs", are a large group of some 
60,000-80,000 described species (Figures 1, 5, 12) ranging from Cambrian to 
Recent in age. The species generally have shells made of silt and sand particles or 
secreted calcium carbonate that range in size from less than 0.1 mm to 10 cm with 
most being about the size of a pin head. Each shell has one or more chambers 
filled with the protoplasm of the living protist. 

Forams live today from the shallowest intertidal zones to the deepest trenches of 
the oceans (Figure 13), a very few also live in salty lakes and springs, where they 


Figure 11. Various Cenozoic coccoiiths (round) and other calcareous nannofossils (stars 
and rods) in phase contrast and polarised light micrographs, magnifications about XI000. 
From Siesser in Lipps (1993) 
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Figure 12. A variety of foraminiferal tests. 


have been transported by birds or other means. About 4,000 species are alive 
today. Of these, only forty float in the water and are planktonic, the rest are benthic 
and live on the bottom of the ocean or on plants or animals, some even live on 
other forams. Forams eat a wide variety of food, from bacteria to algae along with 
various kinds of animals and other protists. 

Forams are among the most abundant fossils. They first occur as simple silt tubes 
in the Cambrian, later, more complex coils and tubes appear, even developing 
chambers in the Ordovician. In the Silurian, secreted calcium carbonate types 
appear and these diversified into many different shapes and kinds. Like animals 
and plants, they undergo extinctions at particular times in the geologic past then 
radiate again into new, but similar shaped forms, all through this they still remain 
abundant and diverse. Because of this, forams are the principal microfossil used to 
age/date and correlate marine sedimentary rocks, and they are particularly useful in 
the oil industry. A single oil company, during the boom days of exploration for 
new deposits, might have employed forty of fifty micropaleontologists to study 
forams. They are also used to decipher ancient environments, climate and 
oceanography. They are probably the most important fossils of any, simply 
because they are so useful. 
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Figure 13. Paleoenvironmental reconstruction of the Miocene, Monterey Formation in Central California, based on the 
phylogenetic relationships of the fossil foraminifera. In addition to the benthic foraminifera being swept downslope 
onto the basin floor, planktic foraminifera were deposited there from the water column. The thanatofacies (death 
assemblages) of the Monterey Formation thus represents six general environments. Micropaleontologists must 
decipher such complexes for accurate paleoenvironmental analysis. From Finger, Lipps, Weaver and Miller (1990). 
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Radiolaria 

"Rads" as they are commonly known in paleontology, are marine protists with 
siliceous skeletons of rods and lattices arranged in many complex ways (Figures 1 
5). Thousands of species of fossil forms have been described in the scientific 
literature, and hundreds are still alive today. They first appear in the Cambrian as 
spherical lattices with a few rods sticking beyond the sphere, in the later Paleozoic, 
they also radiated into many species, and except for periods of extinction continued 
to modern times. They too have been useful in age dating and correlation, but 
mostly of deep sea sedimentary rocks. Rads have always been marine and all, as far 
as we know, are planktonic. They are especially abundant in regions of upwelling 
where the phytoplankton they feed on are common. Rads are generally smaller 
than forams and look glassy. 

Tintinnids 

Tintinnids are a class of ciliate protozoans that make a secreted CaC0 3 or 
agglutinated cup, or vase like, lorica (Figure 14) in which the organism lives. They 
are uncommon as microfossils except in the Jurassic of the Mediterranean region 
and the Eocene of the United States Gulf Coast, although they are known from 
rocks as old as the Ordovician. 



Figure 14. Lorica of a Lower 
Cretaceous tintinnid from the 
sea floor off Africa. 
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Animals 

Nearly all sedimentary rocks have microfossils of plants and animals in them, 
many times they are unidentifiable, others can be readily attributed to a known 
group. For example, fish scales, teeth and bones are common in fine grained 
marine rocks, and small teeth and bones of terrestrial vertebrates can be found in 
nonmarine rocks. Most common, however, are small parts of invertebrates, shells, 
crinoid columnals, echinoid spines and plates, sponge spicules, ostracodes, and 
others. Some of these are not too useful in paleontology, but the tiny tooth like 
structures known as conodonts are used for precise age dating and correlation of 
rocks ranging in age from the Cambrian to the Triassic and ostracodes are useful in 
all respects from the Paleozoic to the Recent. Both conodonts and ostracodes make 
good collecting materials. 

Plants 

Bits and pieces of various plants are fairly common in sedimentary rocks, these are 
usually cuticle and other small parts, seeds may be encountered in microfossil 
samples taken from rocks deposited in terrestrial environments. Pollen and spores 
are very common microfossils but they require difficult extraction techniques using 
dangerous acids and high powered microscopes to see them, these are best 
demonstrated with prepared slides purchased from a supplier. 

THE GEOLOGICAL RECORD OF MICROFOSSILS 

Groups making microfossils have been present on Earth since the first known 
fossils 3500 mya (million years ago), these groups have been important 
contributors to the history of Earth (Figure 4). The oldest fossils are indeed 
prokaryote microfossils, they are the mineralised sheaths and permineralised cells 
of probable cyanobacteria which are found in silicified stromatolites (bacterially 
constructed calcareous mounds) in Australia and South Africa. The record starting 
at 3500 mya and extending to 1600 mya is represented by uniquely fossilised 
prokaryotes, except for one body fossil of a larger organism and certain 
biogeochemical markers. The oldest known eukaryote, the larger fossil known as 
Grypcinia, comes from rocks about 2100 mya, and chemical evidence suggests that 
eukaryotes may be several hundred million years older than that. The first 
eukaryotic microfossils, known as acritarchs, appeared some 1500+ mya. Some 
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microfossil groups also produce biochemicals that are fossilised themselves and 
these give clues to the age of the groups too. Dinoflagellates, another microfossil 
producing group, were extant at 1700 mya, as evidenced by these chemical fossils. 
After 1500 mya, acritarch and bacterial microfossils become common, some algal 
groups appear, but larger animal fossils are still absent. Only in the very latest 
Precambrian are tiny elliptical and circular plates, probably from some kind of 
unicellular algae, found. The early world, from 3500 to 600 mya, was dominated 
mostly by microorganisms that left microfossils (or chemicals). 

Like most animals and algae, groups with microfossils appear abundantly at the 
base of the Cambrian, the first period of the Paleozoic, and radiate in the great 
Cambrian Explosion starting 545 mya. The skeletal types are many and include 
organic, silica, carbonate, phosphate, and agglutinated materials. Many are tiny 
parts of larger animals that appeared at that time, but others represent new 
appearances of mineralised single celled protists themselves. While most 
microfossils derived from animals and some protists appear in the Cambrian, 
others do not occur until later (Table 1, Figure 4). Flowever, over a billion years 
separates the first microfossil remains from those of the animals and other diverse 
microfossils in the Cambrian. 

The first appearance of mineralised microfossils in the Cambrian, however, 
probably does not mark the initial evolutionary development of the groups. DNA 
sequence data from some living representatives of those ancient forms, suggests 
that they diverged much earlier in geologic time, perhaps more than 1 billion years 
ago. When microfossils are first found, they clearly represent advanced, divergent 
groups of organisms that must have had a significant earlier history. None of this, 
however, is known yet, as few, if any, mineralised microfossils have been found in 
older rocks. Even among microfossils that occur later in the fossil record, DNA 
evidence suggests a longer history than is represented by the fossils themselves 
(Figure 2). 

In the Ordovician and into the Silurian, all groups radiated again with many more 
species of invertebrates, foraminifera, and radiolaria occurring, along with the first 
appearance of tintinnids. In the later Silurian, foraminifera with calcareous tests 
began to appear. Thus, all major kinds of organisms and mineralised types 
appeared between 545 and 400 million years ago. 
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These radiation's of marine organisms filled the oceans with rather familiar kinds 
of organisms. Although not exactly the same as modern kinds, nearly all can be 
placed in modern groups at some level. This morphologic resemblance to modern 
organisms shows that the general body plans of protists and invertebrates had 
evolved early in the Paleozoic. The radiation of body plans, higher taxa, skeletal 
types, habitats, and feeding strategies further indicates a common external factor in 
the marine environment rather than some internal biologic selection mechanism 
was responsible. Trophic interactions, that is, energy flow through feeding 
processes across all habitats, body plans, and skeletal types, is a likely candidate 
for the reorganisation of the marine biota near the base of the Cambrian and the 
following 100 million years. All elements are present in this food pyramid from 
carbon fixing photosynthetic microalgae to large and small herbivorous and 
carnivorous animals. 

In the late Paleozoic, marine organisms went extinct and re-radiated several times, 
changing the biota in significant ways, the microfossil record, of course, parallels 
that of larger fossils. For example, the fusulinid foraminifera diversified 
enormously, especially in the Carboniferous, and radiolaria radiated during the 
later Paleozoic. These events indicate that both benthic and planktic organisms 
were evolving at similar times in response to similar environmental factors as those 
affecting the invertebrates and vertebrates. 

A major extinction took place at the end of the Paleozoic, with over 80% of the 
marine biota not surviving the end of the Paleozoic, all microfossils underwent 
extinction too. Although the general types of organisms did not go extinct, some 
important groups died out, Fusulinid foraminifera among microfossils, disappeared 
altogether, just like trilobites and others. Some other groups, like the microfossil 
conodonts and larger invertebrate ammonites, declined to a few species at the end 
of the Paleozoic, but did not disappear until later. 

After the Permo-Triassic extinction, all groups re-radiated in the Mesozoic. 
Among the microfossils calcareous plankton appeared for the first time, and other 
siliceous plankton joined the radiolaria, as did unmineralised organic plankton. 
Calcareous nannoplankton, an algal group with tiny CaC0 3 plates and rods on the 
cell surface, foraminifera, radiolaria, diatoms, and silicoflagellates came to 
dominate the plankton, changing the deposition of carbonates and siliceous 
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sediments from the continents to the deep sea. The calcareous nannoplankton and 
foraminifera extracted CaC0 3 and diatoms and, to a much lesser extent, 
silicoflagellates extracted silica from the surface waters of the oceans through 
secretion of their skeletons. These sank to the bottom of the deep sea floor. 

At the Cretaceous/Tertiary boundary (end of the Mesozoic), most plankton and 
shallow water benthos, especially reef organisms, underwent a major extinction. It 
reduced open-ocean planktic and certain benthic microfossil groups from many 
species to just a few. The generally favoured explanation is that an asteroid 
impacted the earth at this time, probably in Yucatan, Mexico. Such an impact 
might affect shallow water planktic and benthic organisms through major 
atmospheric and oceanographic changes that caused ecological reorganisation on a 
world-wide basis in shallow waters of the oceans. 

As with previous extinctions, planktic and benthic life re-radiated into a wide 
variety of similar types, many represented by microfossils. Indeed, most of the 
groups that existed in the Mesozoic can be found in the following Cenozoic. The 
Cenozoic is characterised by a general cooling of high latitudes, especially in the 
last 25 million years that culminated in the alternating glacial interglacial periods 
of the last few million years. This cooling took place chiefly in high latitudes, 
resulting in oceanographic and climatic changes. Oceanographic circulation 
changed from warm deep water derived from dense, high salinity water originating 
in tropical seas to dense, cold water from polar regions. This created a vertical 
thermal gradient from top to bottom and a horizontal gradient from the poles to the 
equator that permitted evolutionary radiation of benthic and planktic micro¬ 
organisms, as well as larger animals, into the new environments. Likewise, on land 
new habitats developed as climates changed, and the terrestrial biota changed too. 
In the past million years, microfossils recorded the fluctuating glacial changes by 
biogeographic changes and stable isotope shifts found in their skeletons. This 
glacial-interglacial record indicates that the current global climate is an interglacial 
and that the Earth can be expected to return to a glacial climate sometime in the 
next few thousand years. 

While there are many kinds of microfossils that may contribute to our knowledge 
of this history, the most useful mineralised ones are foraminifera, radiolaria, 
calcareous nannofossils, diatoms, ostracodes, and conodonts. The last two are 
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metazoans while the first two are protozoans and the middle two are single celled algae. 
The fossil record of all groups contribute enormously to Earth and Life history. 

COLLECTING AND PREPARING MICROFOSSILS 

The collection and processing of microfossils differs from larger fossils because they 
cannot be seen in the outcrop. This means that the rocks themselves must be collected 
and processed in order to see the microfossils, many techniques are available to do this. 
Here I describe some general methods, but these can and should be modified depending 
on the rock and microfossil types. Many microfossils require special techniques, special 
laboratory facilities, and special instruments to view them. But many of the most 
interesting ones can be easily prepared with a sink, stove or hot plate, and some screening 
material. 

Equipment needed to see microfossils is fundamentally some kind of microscope, since 
most of them cannot be seen with the naked eye. A stereo-microscope is most useful to 
the average collector, for they can be had for a reasonable cost, since microfossils are 
fascinating, the investment can be most rewarding. The other necessities are easy to come 
by. Many microfossils are too small to be seen in detail under any but the highest power 
compound or polarising light microscopes or scanning electron microscope. These are 
usually beyond the scope of the average collector so I will not detail preparation methods 
for these microfossils. Many of them also require processing with acids that most people 
would prefer not to engage in using. 

Almost any sedimentary rock contains microfossils. Fine-grained marine and lake 
sediments are best, both because they probably contain abundant microfossils and 
because they are easiest to process. Conglomerates and coarse-grained sandstones are 
unlikely to yield many good microfossils. Microfossils can be freed by disaggregating 
these rocks. Rocks that are tightly cemented, like limestones or cherts, can only be 
studied by making thin-sections. Both preparations can be done by nearly any interested 
collector. 

COLLECTING 

Collecting microfossils requires only a rock pick and some plastic bags. Pieces of rock 
should be broken off a clean outcrop (dig back from the weathered surface, if necessary) 
and put in the labeled bag and sealed. The most important item is to properly record the 
locality and stratigraphic horizon of the collecting site, for fossils are less useful if this 
data is not recorded. A number corresponding to the detailed notes should be written on 
the bag in permanent ink and on a label placed inside the bag. 



Page 32 


THE FOSSIL COLLECTOR 


January 2000 


DISAGGREGATION 

Rocks made of mudstone, siltstone or sandstone need to be disaggregated in order to free 
microfossils from them. This is best done by placing the sample in an ordinary kitchen 
pot, drying the sample thoroughly in an oven, covering it with hydrogen peroxide 
overnight, then pouring off the peroxide and boiling ihe sample in water to which a little 
baking soda has been added. Hydrogen peroxide treatment may be omitted, but then the 
sample should be soaked in water with water softner in it. All of these steps help to break 
the rock down. Once the rock is broken down so that the grains are free, then sieve it over 
a screen with a very fine mesh (nylon stockings have a small enough mesh). Dry the 
sample, pour a little into a low, black dish or box to search for the microfossils under a 
stereo-microscope. Use a wet number 0 or 00 brush to pick the microfossils from the 
sample and place them on cardboard microslides (available from commercial dealers). 
The slides are small and with the microfossils can offer ours of good fun. 
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Journals Dealing Specifically with Microfossils 

Micropaleontology. This journal, long the standard in the field, carries articles 
dealing with all aspects of microfossils, from description of species through 
biostratigraphy, paleoceanography to paleobiology. 

Journal of Micropalaeontology. This British journal covers all aspects of 
micropaleontology. 

Journal of Foraminiferal Research. JFR deals with foraminifera or topics related 
somehow to foraminifera, perhaps the most important protist microfossil group. 
Expect to find articles about fossil and living foraminifera. 

Marine Micropaleontology. This journal covers paleoecology, paleoceanography, 
phylogeny, paleobiology and similar topics concerning microfossils found in 
marine environments, including modern ones. 

Journal of Paleontology. Although not dedicated to microfossils, JP publishes a 
number of articles each year on micropaleontology. 

Palaeontology. A British general paleontology journal, it commonly carries papers 
of interest to micropaleontologists. 

IN THE NEWS 

PROOF FOUND OF EARLY ORGANISMS 

The earliest direct evidence of organisms pumping oxygen into Earth's ancient 
atmosphere has been found in the fossilised remnants of bacterial slime. The 2,500 
million year old molecular fossils from Australia show that early life began paving the 
evo’utionary path for oxygen breathing animals at least 700 million years earlier than 
previously known. 

Scientists had long suspected that organisms called cyanobacteria first started converting 
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sunlight and carbon dioxide into food and oxygen thousands of millions of years ago, but 
no evidence had previously been found in the fossil record. Then, Roger Summons, of the 
Australian Geological Survey Organisation, and his colleagues tested samples from a drill 
core taken in Western Australia's Hammersley Basin, one of the most geologically stable 
areas on Earth, and later, samples from Mexico, Israel and Germany. They discovered a 
durable molecular signature unique to certain cyanobacteria that lived on the shores of 
ancient oceans, long before other complex life emerged. "This is the first good evidence 
of early oxygenic photosynthesis," Jere Lipps, professor of biology at the University of 
California, Berkeley, said. "That's important because we couldn't be certain based on 
microfossils or other geologic evidence." 

Forms of cyanobacteria, often referred to as blue-green algae, still exist today and these 
microbes may have been pumping oxygen into the atmosphere for as long as 3,500 
million years, 1,000 million years after the Earth formed. 

Summary of story from AP Online, August 4, 1999. 

OLDEST LIFE FORMS FIND PERTH HOME 

Western Australian scientists believe they have discovered some of the world's oldest life 
forms near Marble Bar, in the Pilbara. The egg carton shaped fossilised stromatolites 
were laid down 3,450 million years ago. 

The Pilbara stromatolite site, where the latest fossil was found, was discovered in 1984 by 
a former director of the Department of Minerals and Energy's geological survey divisions, 
Alec Trendall. In 1997, Canadian geologist Hans Hofmann returned to the site with 
geological survey division palaeontologist Dr. Cath Grey. 

"We just happened to spot some small cones sticking out from underneath overlying 
boulders and when we lifted the rocks off, we discovered this beautiful surface that was 
so well preserved, we just hadn't seen anything so good before," Dr. Grey said. 

The stromatolite were removed from the site in July because of the threat of fossil 
poachers and weathering. Dr. Grey knew that once the paper announcing the discovery 
was published, people would be able to narrow down the site of the fossils so the decision 
was made to remove the stromatolites to guarantee their preservation. But before they 
were removed, a group of international experts, including associates of the US National 
Aeronautics and Space Administration's Astrobiology Institute, saw the stromatolites in 
the ground. 

"Stromatolites are of great interest to the new field of exobiology and are being used by 
NASA as a model for its search for fossilised life on Mars," Dr. Grey said. The specimens 
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will play a key role in helping NASA find suitable landing sites for future Mars missions, 
with spacecraft expected to find similar fossils on the red planet. 

Geological survey division director Dr. David Blight has handed the fossil to the \VA 
Museum, where it will be placed on permanent display. Dr. Blight said it had been a 
difficult decision to remove the stromatolites because scientists liked to examine fossils in 
situ, but many more people would be able to experience them if they were protected in a 
museum. 

Summary of story in the IVest Australian, September 3, 1999. 
DING STEPS REVEALED IN CLIFF FALL 

Fossil footprints from what may be a previously species of dinosaur have been discovered 
in Yorkshire, England. They appeared after a section of sandstone cliff collapsed on a 
beach near Scarborough. Geologists Dr. Gordon Walkden and Dr. Mike Simmons 
noticed the tracks during a field trip they were running for fourth year students at the 
University of Aberdeen, they have estimated the tracks to be about 175 million years old. 

There are several types and sizes of footprints at the site, some of which are up to 25 ems 
across. In most cases, the creature that made them is known, but, there is one set of prints 
that are proving hard to identify. "The unknown footprints have a spread of 10 ems and 
the very clear impression of claws," said Dr. Walkden. "From the print we can work out 
the shape of the foot and go back to what is known of the fossils and try to match it up. 
We can't do that at the moment, which means we are possibly looking at a species of 
dinosaur we haven't seen before. The presence of sharp claws on the ends of the toes is a 
clear indication that the creature that made the prints ate meat, they could be from a type 
of velociraptor," said Dr. Walkden. 

The geologists said the "loose conclusions" that had been drawn from the prints now 
needed to be tested by the wider scientific community. The discovery will be written up, 
photographed and published in a peer reviewed journal. The blocks containing the fossils 
have been cleaned and placed on display at the Department of Geology at the University 
of Aberdeen. 

Summary of story in BBC News Online, August 27, 1999. 
FAMILY DISCOVERS NEW DINOSAUR 

Scientists have revealed that a fossilised bone from a previously unknown dinosaur has 
been found on a Scottish isle. A holidaying family, the Aitken family, found the 
fossilised elbow joint of a previously unknown member of the stegosaur family in 
sandstone on the Isle of Skye. After two years of research, scientists have revealed the 
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bone belonged to one of the herbivores which roamed the Earth 175 million years ago. 

The bone was the first of its kind to be found and has been hailed as a very significant find 
by palaeontologists. The ultra radius bone dates back to the mid Jurassic period, a time 
when the Isle of Skye was part of the North American continent. It has further confirmed 
the importance of Skye as a research site, there have been significant discoveries on Skye 
every year since 1994. 

The Aitken family had been camping on Skye and decided to go fossil hunting on a beach 
because they heard fossils had been found there. When Mr Aitken turned over a block of 
yellow sandstone he saw a black bone but being unable to lift it he left it and informed the 
staff at Staffin Museum, located on the island, who retrieved the block. The block was 
then sent to Neil Clark, curator of palaeontology at the Hunterian Museum, who carried 
out research and dating work on the find for over 18 months. 

Summary of story in BBC News Online, September II, 1999. 

BOOKS AND BOOK REVIEWS 

Silurian and Devonian Crinoids from Central Victoria, by Peter A. Jell. 
Memoirs of the Queensland Museum 43(1), Brisbane 1999. Pp. 1-114. ISSN 0079-8835. 

Among the rich fossil faunas collected since the middle of the last century from the 
Middle Palaeozoic sequences of the Melbourne Trough of central Victoria (Late Silurian 
and earliest Devonian), of the echinoderms, the diverse crinoid component has been 
largely ignored. Soil cover, urban development and metamorphism around intrusions 
have limited virtually all echinoderm collecting to the few horizons where fossils are 
prolific, such as creek beds, quarries, road cuttings and other man made exposures. 

This paper describes a total of 54 taxa, only 7 of which have been previously described. 
There are 37 new species (13 of which are placed in 9 new genera) and, due to incomplete 
specimens, 8 described to generic level only and 2 indeterminate taxa. 

Other papers in the Memoir cover Early Devonian echinoderms from South Africa, new 
Carboniferous and Permian crinoids from Australia, a new Upper Cambrian cornute 
carpoid from Queensland and new mitrate carpoids from Victoria etc. [It is pleasing to 
note that F.C.A.A. members, both past and present, were able to provide considerable 
assistance to the author during the collection of new material in the early 1980's. ED.] 

Members interested in obtaining a copy of this Memoir should contact the Queensland 
Museum Shop on 07 3840 7729. 




